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injury associated with burn or trauma, these patients are routinely excluded from large multicenter trials that strive for maximum homogeneity in the population studied. Furthermore, the burn patient has been proposed as representative of the universal model of trauma (10) . Oftentimes, outcomes for burn and trauma patients are compared, yet no data exist to suggest whether prevalence or survival associated with sepsis is similar. The purpose of this systematic review of the literature was to determine the association of sepsis with outcomes by means of a comparative analysis of patients with sepsis in burn and trauma injury with a general critically ill population. Outcomes were mortality during ICU stay, during hospital stay, or at 28 days after hospital admission. As a secondary purpose, when reported, the prevalence of sepsis was also compared.
METHODS
A systematic review of the literature (11) Studies were considered for inclusion based on review of abstracts that reported clinical studies (retrospective or prospective design) published in the English language, for primarily adult populations (918 years of age), with information on survival of sepsis in a critically ill population. Significant changes in clinical practice in the treatment of sepsis have occurred since the first international consensus conference on sepsis (12) ; thus, the date range searched was limited to 1990 to 2010. Articles were excluded from review if the primary outcome measure was limited to infection, bacteremia, organ failure, or any other outcome not directly related to sepsis (infectious processes coupled with organ failure). Perinatal, non critically ill, emergency depart ment, and oncology populations were also excluded. To improve generaliz ability of ICU populations included in the analysis, further exclusion criteria eliminated single center studies, or a secondary analysis of the same pop ulation in a published study; studies of general ICU populations (primarily medical, surgical, or combination) with fewer than 1,000 patients enrolled were excluded to promote equity among number of studies included in each group. This step was deemed necessary because of the large number of sepsis reports in the literature and difficulty aggregating the overwhelming number of available studies to serve as a comparison group.
Sepsis related definitions used in this analysis include (a) septicemia or bacteremia: positive infection in the bloodstream; (b) sepsis: two or more of the criteria for SIRS, plus positive culture or clinical suspicion of infection; (c) severe/complicated sepsis: sepsis criteria and presence of at least one failed organ system; and (d) septic shock: severe sepsis in the presence of hemody namic failure unresponsive to fluid therapy, and requiring vasopressor sup port (6) . The ACCP/SIRS criteria for sepsis include presence of infection with at least two of the following: temperature greater than 38-C or less than 36-C; heart rate greater than 90 beats/min; respiratory rate greater than 20 breaths/min or arterial carbon dioxide tension less than 32 mmHg; or white blood cell count less than 4,000 or greater than 12,000 cells/2L (6) .
Adult populations selected for this study include (a) burn: thermal or chemical injury in civilian or military patients; (b) trauma: mechanical injury, including blunt, penetrating, or motor vehicle accident in civilian or military patients; and (c) general ICU: patients requiring medical or surgical intensive care management (such as mechanical ventilator support or cardiovascular support) and not primarily composed of burn or trauma injured patients. The primary outcome of interest for this review was mortality, variously defined as death during ICU stay, during hospital stay, or within 28 days after hospital admission. Prevalence of sepsis was reported when this information was available for descriptive rather than analytical purposes.
FIG. 1.
Results of search strategy.
Methodological quality
For inclusion, studies needed an evidence rating of level II (evidence obtained from at least one well designed randomized controlled trial) to level IV (evidence from well designed, case control or cohort studies) (13) . The quality of included studies was required to be either Bhigh[ (A grade) or Bgood[ (B grade) (14) . The studies that were considered Bgood[ did not pro vide specific criteria for sepsis diagnosis. Risk of bias, such as selective out come reporting or outcome concealment, was considered during quality assessment, and no systematic bias was noted.
RESULTS
A total of 38 articles that met inclusion criteria were reviewed (burn = 9, trauma = 11, general ICU = 18) (Fig. 1) . Of the nine burn studies, two studies consisted of patients included in previously reported analyses (15, 16) , so these subjects were counted a single time in the total number of burn patients reported. All studies had an evidence rating of levels II through IV; quality of included studies was judged Bgood[ or higher.
Burn studies
The nine studies reporting sepsis outcomes for the burn population, representing the time period from 1991 to 2005, include three prospective observational studies and six retrospective record reviews ( Table 1) . The majority were conducted at a single center (n = 7), and one study is a summary report from the ABA that represents data from 70 burn centers in 30 US states (20) . A total of 2,106 burn patients with the diagnosis of sepsis of a pool of 134,159 burn admissions comprise this review. The reported mean or median age for all studies was less than 45 years, with male being the predominant sex (56%Y75%) in all but one report (22) . Burned patients with sepsis represent a relatively severely injured population with 30% to 76% total body surface area (TBSA) burn. Reported sepsis prevalence ranged from 8% (15) of the burn population to greater than 42% in four studies (42%Y50%) (16, 18, 21, 23) , and two studies reported prevalence of 50% and 65% (22, 23) .
The criteria for the diagnosis of sepsis varied greatly among the studies, with two referring to the ACCP/SCCM sepsis definitions (24) , three that relied on clinical criteria in addition to a positive culture result, two with culture results alone, and one with clinical criteria alone. Only two reports described the primary site of infection associated with sepsis of blood (19) and wound (21) for bacterial and fungal causes, respectively. Primary organisms associated with sepsis were identified as gram-negative in three studies (65%Y72%) (19, 22, 23) , grampositive in two studies (61%Y62%) (15, 17) , and fungal from a single study (21) .
Mortality associated with sepsis varied with degree of illness reported. The study that differentiated between uncomplicated sepsis and septic shock reported mortality rates of 6% to 11% to 27% to 63%, respectively (16) . The ABA National Burn Repository 10-year review (n = 3,488) reported pulmonary failure/sepsis as the primary cause of death for 11.3%, multiple organ failure for 27.5%, and burn wound sepsis for 4% of patients (20) . Variables associated with increased mortality from sepsis in the burn population were identified as multiple organ failure (15Y17, 20), TBSA burn (15) , and presence of inhalation injury (15, 16) . The overall mortality in the National Burn Repository burned population without sepsis is reported as decreasing from 6.2% in 1995 to 4.7% in 2005 (20) . Mortality for nonseptic patients was 12% compared with 33% for septic patients (P = 0.06) in a single-center study led by Cumming et al. (18) .
Trauma studies
Trauma studies with reported outcomes of patients with sepsis (n = 11) covered the time period from 1990 to 2009, with two prospective observational studies and nine retrospective reviews ( Table 2 ). The mechanism of injury varied, with seven that included victims of polytrauma; three included motor vehicle accidents or blunt or mechanical injury; and one comprised combat injuries. Most studies reported results from multiple centers or regional databases (n = 6) compared with reports from a single center (n = 5).
The population for this analysis includes 3,719 septic patients from a pool of more than 70,000 trauma patients. Unsurprisingly, relatively young males predominate; frequency of male sex ranged from 68% to 100% with mean age range of 34 to 49 years. The injury severity scores (ISSs) ranged from 19.3 to 47. One study reported the ISS for deaths associated with sepsis versus deaths without sepsis as 28 T 14 vs. 13 T 12 (P G 0.001), respectively (30) . However, another study reported no difference between ISS for the combination of sepsis and trauma compared with trauma alone (29 T 10 vs. 32 T 13, not statistically significant) (34) . Sources of infection or infecting organisms were not provided in any of the included studies. The definition of sepsis, when noted (n = 7), varied among reports with the ACCP/SCCM definitions (24) used in five studies (30Y32, 34, 35) and International Classification of Diseases, Ninth Revision (ICD-9) codes coupled with death certificate information used in two studies (26, 29) .
Mortality associated with trauma complicated by sepsis ranged from less than 7% in four studies (25, 28, 29, 33) to 10% to 23% in six other studies (26, 27, 30, 31, 35) , with one study reporting 46% mortality among combat-related trauma patients with sepsis (34) . One study found the difference between death from trauma alone to be significant from trauma coupled with sepsis (7.6% vs. 23%, P G 0.001) (30) . Another team also found mortality to differ between trauma patients without sepsis and those with sepsis (9.3% vs. 36.9%, P = 0.01) (31). Wafaisade et al. (35) reported no significant decrease in mortality associated with sepsis in the German trauma population from 1993 to 2008, with reported mortality during consecutive 4-year periods of 16.2%, 21.5%, 22%, and 18.2%, respectively (n = 28,829; P = 0.054). During the same period, the authors report a decrease in the prevalence of sepsis of 14.8%, 12.5%, 9.4%, and 9.7%, respectively (P G 0.0001) (35) . These findings suggest a reduction in the absolute mortality associated with sepsis, with an increase in the proportion of sepsis-related deaths over time in the German trauma population.
General critical care studies
Studies of critically ill patients with sepsis (n = 18) covered the time period from 1979 to 2008 and included nine prospective randomized trials or observational studies and nine retrospective studies (Table 3) . One country was represented in 10 studies, with eight studies including up to 37 different countries; between 12 and 847 centers participated in the included reports. The populations studied comprised hospitalized or ICU patients who subsequently developed sepsis as an inpatient (7 studies) and patients admitted to the ICU with diagnosis of sepsis, severe sepsis, or septic shock (two, eight, and one study, respectively). Ultimately, more than 31.6 million septic patients were included in the studies used for this analysis among 2.08 billion studied. Various estimates of prevalence of sepsis in general medical and surgical ICU populations reviewed in this analysis were reported, ranging from 8% (38) or 1.6% to 3.2% (41, 42) of hospital admissions, up to 12% to 21% (45, 46) or 19% to 37.4% (7, 48) of ICU admissions. The mean age of patients ranged from 57 to 64 years; three studies reported that 60% to 82% of patients with sepsis were older than 65 years (42, 51, 52), and two reported 40% to 46% of septic patients were older than 75 years (42, 52). One study reported a significant age difference between septic and nonseptic patients of 61 years versus 54 years (P G 0.001) (38) , respectively. However, another study reported no significant difference between groups (septic 65 years vs. nonseptic 64 years, P 9 0.05) (7) . Males comprised between 47% and 64% of the patients in this analysis.
The definitions for sepsis varied among reports, with the majority using the ACCP/SCCM definitions (24) (n = 9) (2, 7, 37, 40Y42, 45, 47, 48) and the remainder using ICD-9 codes or medical record diagnoses and presence of infection with organ dysfunction [n = 5 (7, 38, 43, 49, 51) and n= 5 (36, 39, 44, 46, 50) , respectively]. The primary source of infection was identified as the lung or respiratory system in all 15 studies where source was reported. The second most common source of infection resulting in sepsis was the abdomen or gastrointestinal system (n = 8) (36Y40, 45, 46, 50), the genitourinary tract (n = 3) (43, 44, 47), and blood (n = 3) (2, 7, 48). Of the 12 studies in which a primary infecting organism was identified, nine reported gram-positive bacteria as predominant (25%Y56%) (7, 36, 40, 43, 45, 46 , 48Y50) compared with two reports of gram-negative bacteria (41%Y49%) as cause of sepsis (37, 39) . Of note, 9 studies showed no identified organism associated with clinical diagnosis of sepsis within a range of 15% to 50% of the time (36, 38Y40, 43, 45, 46, 49, 53) . Mortality associated with sepsis during ICU stay was reported as ranging from 26.5% to 61% (38, 39, 45) , with four studies reporting 28-day mortality of 17% to 33% (36, 40, 45, 50) . The two randomized controlled trials testing drotrecogin alfa (activated) (DrotAA) therapy for septic shock that reported 28-day mortality for both intervention and control groups reached different conclusions. The majority of studies (n = 16) provided hospital mortality outcomes for patients with sepsis and severe sepsis that ranged from 18.5% to 53.6% (2, 7, 37, 39, 41Y49, 51) and up to 87% for sepsis associated with failure of more than five organ systems (41).
Further analysis by Annane et al. (38) described the difference in septic shock mortality compared with nonseptic shock patients of 61.2% vs. 13.2%, respectively, for the general ICU population; matched septic shock patients with controls (n = 5,473 per group) revealed mortality of 53.8% vs. 28.2% (P G 0.001), respectively. In another study led by Alberti et al. (37) , mortality was reported as 17% for noninfected patients compared with 53% of patients who presented to the ICU with ongoing infection. Number of involved organ systems has been associated with increased mortality; one failed system versus two is associated with increased mortality from 11% to 49% (P = 0.001) (46). Over time, mortality associated with sepsis has declined from 45% in 1993 to 38% in 2003 in one report (42) and decreased during the period of 1979 to 1984 from 28% to only 18% in 1995 to 2005 in another study, despite an increase in the overall incidence of sepsis (49).
DISCUSSION
Sepsis is associated with poor outcomes in all patient populations. This review is the first to compare sepsis outcomes in three distinct patient populations: burn, trauma, and general medical/surgical critical care patients. Studies identified through a systematic review of the literature represent the available reports describing mortality associated with sepsis for these specific groups of patients, over the past two decades.
An international population is represented in this review; the majority of burn studies originate from a single center in contrast to the fact that most trauma and all general critical care studies were conducted in multiple centers. The critical care studies are especially representative of a worldwide population in which multiple countries were included in many of the reports and thus provide a homogenous comparison for this analysis. Most of the included studies are predominately chart reviews or retrospective in nature, 25 (66%) of 38, which is a limitation to the completeness of reported data.
The age of included patients appears to be different when the burn (G45 years) and trauma (34Y49 years) groups are contrasted with the older general ICU population (57Y64 years). Association of increased age with worse outcomes for patients with sepsis would seem to favor better outcomes for the burn population (relatively younger group in this review) when in fact the mortality rate among burn patients was more similar to the older general ICU population than to the younger trauma patients. Perhaps the effect of age is overcome by the degree of burn injury, presence of inhalation injury, and multiple organ failure (16) . The ratio of males to females is greater in the burn and trauma groups compared with the general ICU patients where the ratio is more evenly matched. It is well understood that trauma and burn injuries occur in a relatively younger segment of the population and that older patients with comorbidities are more susceptible to complications of infection (54). Males tend to experience injury more frequently, but sex differences in sepsis have not been demonstrated (55, 56). Therefore, the results of this analysis reflecting age and sex differences are expected, yet conclusions must be framed with the understanding that different physiologic processes are represented in each group. Lack of consistency in defining sepsis remains a significant hindrance to comparing clinical studies. Difficulty in accurate diagnosis due to physiologic variability among patient populations, lack of a criterion standard diagnostic test, and use of disparate criteria for treatment all conspire to make synthesis of multiple research findings problematic. Such variability is reflected in the different definitions for sepsis used in the studies included in this review ( Table 4 ). The ACCP/SCCM international consensus definitions (24) were utilized in more than half of the general ICU studies (10/18); reliance on presence of infection coupled with various degrees of organ dysfunction or medical record diagnoses using ICD-9 codes were used in the remainder. Wilhelms et al. (57) urge caution when ICD-9 coding is utilized for identification of septic patients; use of three different ICD-9 abstraction strategies resulted in generation of different patient subpopulations. The authors suggest coupling ICD-9 codes with ACCP/SCCM sepsis criteria to improve search strategies. The ACCP/SCCM consensus definitions were used in five (30Y32, 34, 35) of the seven trauma studies that reported sepsis criteria. Furthermore, use of SIRS criteria as the foundation of the ACCP/SCCM definition makes utility of these guidelines inappropriate for severely burned or trauma patients, yet two burn studies and six trauma studies relied on this method of defining sepsis. Additional complexity is added in the identification of infecting organisms because of the inconsistency of culture specimen processing coupled with a traditionally high false-negative rate (58, 59). Supporting this conclusion of problems associated with clearly defining sepsis is the discovery among the general ICU studies of nine reports with a range of 20% to 49% of patients with clinically suspected sepsis yet negative culture results (36, 38Y40, 43, 45, 46, 49, 53) . No method of defining sepsis has been validated in any critically ill population.
The prevalence of sepsis varied among the populations with trauma-injured patients experiencing a lower prevalence of sepsis (approximately 2.4%Y16.9%) contrasted with burn (8%Y42.5%) and critically ill ICU patients (19%Y38%). In this analysis, it would appear that burn patients are more similar in sepsis prevalence to the general ICU population compared with trauma patients. All studies included relatively ill patients with severe burn injury between 30% and 76% TBSA burn, high trauma ISSs ranging from 19 to 47, and general ICU patients with complicated sepsis or septic shock in 9 of 18 studies. This study has not discriminated among patients admitted to the ICU for suspected sepsis from those who develop sepsis during the ICU stay; survival outcomes could in fact differ among these groups.
The source of infection associated with sepsis was not reported in any trauma studies, and only two burn studies reported primary culture source as blood and wound for bacterial and fungal organisms, respectively (19, 21) . Of the 15 general ICU studies reporting the source of infection, all identified the pulmonary system as the primary origin of sepsis. The major secondary systems involved were abdominal or gastrointestinal (8/15), genitourinary (4/15), and hematologic (3/15). Unfortunately, because of lack of additional information, it is not possible to adequately compare these groups with regard to principal origin for infection in sepsis, only to surmise that the respiratory system is clearly the leading source for sepsis in the general ICU patient. The organisms associated with infection in the burn patient appeared to favor gram-negative bacteria (3/5) as predominant compared with gram-positive bacteria (2/5). Conversely, gram-positive bacteria were identified as the principal cause of septic infection in the general ICU population (10/15) versus gram-negative bacteria (2/15). With no data reported for trauma studies reviewed and minimal burn study data, it can safely be concluded that for the general ICU population the most frequent septic infections occur secondary to gram-positive bacteria. There appears to be a tendency for gramnegative organisms to predominate in the severely burned population, resulting in implications for empiric antibiotic coverage in different patient groups (60).
Survival outcomes were different among populations with civilian trauma patients experiencing a relatively lower rate of mortality associated with sepsis (7%Y23%) when compared with the burn (28%Y65%) and general ICU (21%Y53%) groups (Fig. 2) . Mortality-related sepsis for the combat trauma patients (34) of 46% appears to be more similar to the burn and general ICU patients, perhaps because of evacuation delays or varying injury pattern. This report of combat trauma casualties may not represent the civilian trauma population and in this review is considered an outlier. Interesting results from a large 20-year German study (n = 29,829) demonstrate a reduction in the incidence of sepsis over the two decades but with no reduction in sepsis-associated mortality (35) . Such findings underscore the difficulty treating sepsis in the severely injured patient. Organ dysfunction was found to be associated with greater mortality in burn and general ICU patients. In addition, the absence of sepsis was found to confer a significant reduction in mortality in a burn (18) and septic ICU population (38) (12% and 13% nonseptic vs. 33% and 61% septic, respectively). Thus, prevention of infection when possible, early aggressive treatment when infection is identified, and attenuation of organ failure may provide means to reduce death in patients with sepsis. Dramatic improvements in the systematic and aggressive treatment of sepsis have resulted from application of early goaldirected therapy (61), large international consensus conferences (62), and powerful pharmacological agents such as DrotAA (40) . However, the problem of accurate and relevant diagnostic criteria remains, despite diligent attempts at developing agreement (12, 24) . Complicating the diagnosis of sepsis in the trauma and burn populations, underlying systemic inflammatory processes make the standard ACCP/SCCM sepsis criteria useless in the burn population and questionable for use in trauma; furthermore, the ABA consensus-based sepsis criteria require validation (9) . Perhaps criteria based on the PIRO approach, incorporating predisposition, infection, response, and organ dysfunction, will improve identification of the septic patient (63).
Published meta-analyses reporting outcomes of large populations of general critical care patients substantiate the poor outcomes associated with sepsis noted in this review. Although DrotAA has not been shown to significantly improve survival in low-risk patients when compared with placebo (36, 64, 65), the reported mortality for a cohort of 4,329 patients with APACHE II score of greater than 25 was 30.6% for treated patients versus 38.3% for placebo (P = 0.007) (65). Aggressive fluid resuscitation strategies have been shown to reduce mortality for early intervention versus late intervention from 39% to 64%, respectively, in a meta-analysis of 1,001 subjects (66). Administration of intravenous immunoglobulin therapy as a treatment for sepsis was associated with lower mortality, 25.8% in treated patients compared with 30.3% in placebo-treated patients (risk ratio, 0.74; 95% confidence interval, 0.62Y0.89; n = 2,621) (67). Finally, routine use of corticosteroids has been reported to confer no survival benefit in septic patients, with 35 .3% (388/1,099) 28-day mortality rate in the treatment group compared with 38.5% (400/1,039) in the control group (P = 0.05) of meta-analysis of randomized studies (68). Thus, the available meta-analyses and systematic reviews further support the observation of high risk of death associated with sepsis in the critically ill patient.
Review limitations
Limitations of this review include the inability to perform a statistical analysis because of lack of standardized reporting and heterogeneity among studies (69) and availability of few studies in the burn and trauma populations that report sepsisrelated outcomes in sufficient detail for comparison. Restriction of included general critical care studies was necessary to facilitate synthesis as hundreds of quality research studies have been published that discuss sepsis-related outcomes. The majority of included trauma studies are dated; thus, this comparison may not reflect current outcome patterns. Definitions used for sepsis vary greatly among studies, and no definitions have been validated for any ICU population. Many ICU patients are admitted because of sepsis, whereas burn and trauma patients develop sepsis during hospitalization; the time effect of sepsis onset on the findings of this study is unknown. Despite these limitations, significant patterns have emerged from this review supporting the premise that sepsis outcomes differ among the burn, trauma, and general ICU populations.
Future directions for knowledge development
Advances in the understanding of the complex pathophysiology of the syndrome of sepsis are occurring rapidly and will ultimately lead to more accurate diagnostic tools, better criteria for diagnosis, and significantly reduced mortality. Improved outcomes over time have been demonstrated despite an increased prevalence of sepsis (42, 49); thus, with advancements in technology and improved mechanistic understanding of the syndrome, this trend toward improved survival is expected to continue. Initiatives such as the Surviving Sepsis Campaign (47, 62) have already demonstrated improved outcomes associated with early and aggressive treatment of sepsis. A barrier remains in accurate and early detection of uncomplicated sepsis, so progressive organ dysfunction may be averted, and survival maximized. Biomarkers such as procalcitonin, C-reactive protein, and lactate show promise in facilitating diagnosis, especially when coupled with other clinical signs and symptoms (70, 71). Validation of clinical criteria for unique patient populations is essential for clearly defining sepsis in all studies (3) . The advent of computer decision support technology at the bedside provides the opportunity to combine multiple predictors in real time and aid the clinician in the detection of early sepsis (5, 72Y75).
SUMMARY
Sepsis is a common and oftentimes fatal diagnosis that varies among critically ill populations. Trauma patients tend to have a relatively low incidence and associated mortality with sepsis, yet severely burned patients and the older general ICU population have higher prevalence and worse outcomes. Although severe burn injury represents an extreme model of traumatic injury, with regard to sepsis these populations differ significantly. The younger burn patient appears to more closely resemble the general critically ill ICU patient considering susceptibility and survivability of sepsis, although the primary infecting organism and source of infection differ. Systemic inflammatory response syndromeYbased definitions for sepsis that are applicable to the general ICU population are inappropriate for use in the burn and trauma populations. Validated sepsis criteria are necessary for all unique patient populations. The lack of consistent use and inappropriate application of sepsis criteria among studies make comparison problematic. Much has been done to develop consensus-based aggressive treatment protocols, yet early detection of sepsis remains elusive because of the lack of definitive criteria. Technological advances in assay development and computer decision support promise to provide the means for sepsis identification, leading to significant improvement in patient outcomes.
